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Alpstraet 

The  dissociation  region  of  oxygen  molecules  Is  treated  in  the 

1  2 
ssme  "self-consistent"  nftnner  described  In  a  previous  paper  '  ,  ex- 
cept that  now  the  densities  of  atomic  and  molecular  osygen  have  been 
calculated  as  fxinctions  of  the  altitude,  on  the  assumption  that  the 
main  recombinp.tion  process  between  oxygen  rtoms  is  a  three-body  non- 
radiative  process.  The  result  of  the  present  work  indicates  that 
dissociation  occurs  at  an  altitude  about  5  Km  higher  than  the  corres- 
ponding altitude  of  reference  1.  Furthermore,  the  region  of  dissociation 
is  broadfer  than  In  the  model  of  reference  1,  The  maximum  atomic  density 
is  0.5  -  1  X  10''" -^Z  cm-^. 
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I.   Int  rod-get  Ion 

1  2 
In  two  previons  papers  '   the  densities  of  atomic  and  molecular  oxygen  in 

the  upper  atmosphere  were  calculrted  in  terms  of  two  different  models.  Both  of 

these  models  were  carried  out  in  a  "self-consistent"  manner,  that  is,  no  a- 

priori  assumptions  were  made  as  to  the  dlstriliution  of  molecular  or  atomic 

oxypen.   (Such  assumptions  here  'been  Ti»de  hy  previous  authors  In  the  field, 

as  was  pointed  out  in  references  1  and  2), 

In  the  first  model  It  was  possiMe  to  cslculpte  the  distriljutlon  of 

temperature  ns  well  as  the  distriliution  of  the  atomic  and  the  molecular 

oxygen  densities.   In  the  second  model,  a  temi)erature  distribution  was 

assumed  in  order  to  avoid  the  necessity  of  imposing  a  severe  pssumptlon, 

used  in  the  first  model,  with  respect  to  energy  balance. 

In  "both  of  these  models  the  principal  recomhinatlon  process  was  assumed 
to  "be  a  two-"body  radiation  process.  The  present  paper  is  to  "be  regarded  as 
a  direct  extension  of  refereose  2;  the  assumption  of  two-'body  recom"Binations 
is  replaced  by  the  assumption  that  the  oxygen  atoms  recombine  in  a  three- 
body  process.   Therefore  instead  of  repeating  the  various  details  of  the 
model  of  reference  2  and  of  the  method  of  solution  of  the  equations  for  the 
densities,  we  shi5ll  merely  Indicate  the  modifications. 

II.   The  Three-Sody  RecombinPtion  Process 

The  principal  modlf icntion  of  reference  2  which  we  introduce  in  the 
present  work  is  to  replace  the  two-body  recombination  process  (ll)  there 

"by  the  three-body  recombination  process  (lo).  The  rate  of  recomblnntion 

2 

of  the  oxygen  •'toms   is  taken  to  be   Cn^     where   C  is   the  three-body  re- 
combination coefficient  and  n..  is  the  number  density  of  the   third  body  M, 

"Vprloufl  additional  assumptions  are  now  necessary,   since   the  recombination 
coefficient  C  and  the    mmber  density  n^  are  not  icnown.       ^irst  of  all 
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we  shall  assume  that  all  atoms  or  moleciiles  are  equally  efficient  as  third 
"bodies.  Once  one  makes  this  assumption  it  is  clear  that  it  is  sufficient 
to  take  n^  as  the  mmber  density  of  nitrogen  molecules,  since  nitrogen 
predominates  so  greatly  in  the  region  of  interest.  We  further  assume  ths-t 
it  obeys  its  own  "barometric  equation  of  the  usual  exponential  type  when  the 
temperature  is  taken  as  constant.  Ve  have  prescribed  that  Just  below  the 
altitude  Pt  which  dissociation  becomes  important,  the  number  density  of 
nitrogen  molecules  will  be  four  times  that  of  oxygen,  that  is,  the  oxygen- 
nitrogen  ratio  is  the  same  as  at  sea-level, 

-?2  -"^1 

"For  C  we  have  taken  two  values,  namely  C  =  10    and  C  =  2  x  10   . 

These  pre  typlcpl  values  given  "^y  chenists  for  three-body  processes  and 

used  by  previous  workers  on  the  present  problem  (see  e.g.  reference  3)» 

The  formulas  and  method  of  procedure  are  substantially  the  same  as 

those  of  reference  2.  We  need  merely  replace  the  two-body  recombination 
coefficient  B'  by 

B.  =  C^ 

where  Uw  is  a  function  of  the  altitude  and  is  given  by  the  "barometric  equa- 
tion as  described  above.  (Incidentally  there  is  a  misprint  in  reference  2. 
The  letter  B  in  equations  (15)  through  (l?)  should  be  replaced  by  B'.) 

III.  Results 

The  results  of  the  calculation  are  stuim^rlTied  in  Figure  1.  The  temper- 
ature was  taken  es  3C0  K.  The  altitude  x  was  chosen  to  correspond  to  the 
value  n-  =  2  X  10  /cm.  .   Only  above  this  altitude  does  dissociation  be- 
come important.   If  we  use  the  pressure  vs.  altitude  results  of  reference 
'i,  we  find  thst  x  is  about  90  Km.  The  graphs  of  n-  and  n  are  given  in 
I'l/mre  1.  We  h^vp  also  superposed  the  graph  of  n^  as  it  would  be  if  no 
dissocl.ition  took  piece  -  the  vrlues  ere  obtained  from  the  ordinary  "baro- 
metric equation. 


_  1  _ 

It  l8  seen  that  in  the  present  model  dissociation  occurs  at  higher 
altitudes  (about  5  Km.  higher)  than  in  the  model  of  reference  2.  This 
result  is  a  consequence  of  the  use  in  this  paper  of  a  greater  •«ilue  for 
the  effective  two-hody  reconhination  cross-section  Cn„.  Hence  in  the 
present  model  the  oxygen  atoms  can  recombine  more  readily  than  in  the 
model  of  reference  2  and  only  at  higher  altitudes  are  dissociations 
numerous  enough  to  ensure  number  balance.  Another  striking  difference 
between  the  present  results  and  those  of  reference  2  is  the  broadness 
of  the  region  in  which  dissociation  takes  place  -  about  25  Km. ,  as 
opposed  to  less  than  15  Km.  of  reference  2. 

These  differences  between  the  results  of  the  present  paper  and  those 
of  reference  2  (and  reference  l)  indicate  the  high  degree  of  sensitivity 
of  the  results  to  the  model  used.  We  must  conclude  that  the  problem  of 
obtaining  really  useful  numerical  results  for  the  dissociation  of  oxygen 
cannot  be  solved  until  much  more  reliable  data  on  the  various  cross- 
sections  Is  available;  then  it  will  be  clear  which  model  should  be  used. 
This  result,  thoijgh  not  surprising,  indicates  that  any  numerical  results 
which  are  available  at  present  must  be  accepted  only  with  great  reserve. 
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Figure  1 
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np,n2    C  HO 
np,n2    C=2xlO 
Rg  (ord.  baro.  eq.) 
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